Abstract. Frequently rearranged in advanced T cell lymphomas-1 (FRAT1) positively regulates the Wnt/β-catenin signaling pathway by inhibiting glycogen synthase kinase-3 mediated phosphorylation of β-catenin. FRAT1 is a proto-oncogene, implicated in tumorigenesis. The present study aimed to investigate the effects of FRAT1 silencing on the proliferation and apoptosis of SGC7901 cells. FRAT1 in SGC7901 cells was silenced by RNA interference. Reverse transcription-quantitative polymerase chain reaction was used for the analysis of FRAT1 mRNA and western blotting was used to evaluate FRAT1 and β-catenin protein levels. Cell proliferation was analyzed by the MTT assay. Cell cycle distribution and apoptosis were analyzed by flow cytometry. The expression of FRAT1 mRNA, FRAT1 and β-catenin protein in FRAT1-silenced SGC7901 cells were reduced significantly compared to untreated cells. The proliferation of FRAT1 silenced SGC7901 cells decreased significantly The FRAT1 silenced SGC7901 cells were arrested at G0/G1 stage to a greater degree, and apoptosis was increased. In summary, silencing of FRAT1 inhibits SGC7901 cell proliferation and induces apoptosis, possible through a reduction in β-catenin expression. FRAT1 may serve as a prognostic biomarker and therapeutic target for gastric cancer.
Introduction
Gastric cancer is one of the most common human cancers, with ~988,000 cases/year worldwide. It remains difficult to treat and ~736,000 patients succumb to the disease each year (1) .
In China, gastric cancer is the leading cause of cancer-related mortality and accounts for ~23% of all malignant deaths (2) . It has been previously demonstrated that gastric cancer is caused by complex interactions between genetic and environmental factors. The dysregulation of potential oncogenic signaling pathways can lead to increased cell proliferation, evasion of apoptosis and enhanced invasiveness (3) . Furthermore, the dysregulation of the nuclear factor κB, Wnt/β-catenin and proliferation/stem cell signaling pathways are identified in 70% patients with gastric cancer (4) . Frequently rearranged in advanced T cell lymphomas-1 (FRAT1) is a member of the FRAT family, and is a positive regulator of β-catenin in the Wnt pathway (5) . The Wnt/β-catenin pathway is closely associated with the pathogenesis and development of many solid tumors. The overexpression of FRAT1 in ovarian serous adenocarcinomas was significantly associated with cytoplasmic and nuclear accumulation of β-catenin 6). FRAT1 inhibited GSK-3-mediated phosphorylation of β-catenin and affected the formation of the destruction complex for β-catenin, leading to subsequent aberrant nuclear accumulation of β-catenin, which elevated the transcription activity of β-catenin. The downstream transcription targets of β-catenin pathway, such as c-myc, were activated to enhance the cellular growth (7, 8) . Additionally, a previous study has demonstrated that FRAT1 is overexpressed in gastric cancer (9) . The present study aimed to investigate the effects of FRAT1 silencing on the proliferation, apoptosis and the cell cycle of the human gastric cancer cell line, SGC7901.
Materials and methods
Cell culture. Human gastric adenocarcinoma SGC7901 cells were obtained from the Institute of Basic Medical Sciences (Chinese Academy of Medical Science, Beijing, China). Cells were maintained in RPMI-1640 (GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100 mg/ml streptomycin (all from GE Healthcare Life Sciences), at 37˚C in a humidified atmosphere containing 5% CO 2 . The medium was replaced every two days and cells were passaged twice weekly.
Transfection. The oligonucleotide sequence 5'-GCAGTT ACGTGCAAAGCTT-3' (Takara Biotechnology Co., Ltd., Dalian, China), specific to FRATl mRNA was used for the synthesis of small interfering RNA (siRNA), which was cloned The transfected SCG7901 cells were screened using 800 µg/ml G418 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and were defined as group A (10). The non-targeting oligonucleotide sequence 5'-TCTTAATCGCGTATAAGGC-3' (Takara Biotechnology) was transfected as a control group B. The untreated SGC7901 cells were defined as group C.
FRAT1 mRNA expression analysis. FRAT1 mRNA expression was assessed by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). TRIzol reagent RNA kit (Invitrogen; Thermo Fisher Scientific) was used to extract total RNA, following the protocol provided by the manufacturer. Takara RNA PCR kit (Takara Biotechnology) was used to perform the reverse transcriptase polymerase chain reaction. The following primers were used. FRAT1: Forward, 5'-GGC AGA ACC TGG CTA CTC TG-3' and reverse 5'-CAC GAG CTT GAT TGC AAG TTC AGG-3'; GAPDH: Forward 5'-CCA CGC CCT GTC TAA AGT GT-3' and reverse 5'-GGG GTC ATT GAT GGC AAC AAT A-3' (Takara Biotechnology). The complementary DNA mixed with forward and reverse primers was reacted in Exicycler™ 96 (Bioneer Co., Daejeon, Korea). An initial denaturation/activation step at 95˚C for 10 min was followed by 35 cycles at 95˚C for 10 sec, 60˚C for 20 sec and 72˚C for 30 sec, finally held at 4˚C for 5 min. The FRAT1 mRNA relative expression ratio was calculated using the 2 -ΔΔcq method, and the result of group C was considered the unit value 1.
FRAT1 and β-catenin protein expression analysis.
Western blot analysis was used to measure the protein expression levels of FRAT1 and β-catenin. Anti-FRAT1 (cat. no. ab108405) and anti-β-actin (cat. no. ab95437) antibodies were purchased from Abcam, Cambridge, UK. The anti-β-catenin antibody was purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The optical density of bands was measured by Image-Pro Plus software, version 6.0 (Media Cybernetics, Inc., Rockville, MD, USA). Protein expression was reported as relative level with respect to the β-actin in the same sample, and the value of group C was considered the unit value 1.
Cells proliferation assay. The SGC7901 cells were seeded into a 96-well cell culture cluster plate at a concentration of 1x10 4 cells/well in a volume of 100 µl culture medium and cultured for 24 h. A 200 µl RPMI-1640 culture medium supplemented with 10% fetal bovine serum was then added into every well and the cells were harvested at 24, 48 and 72 h. The harvested cells were incubated in 200 µl RPMI-1640 culture medium supplemented with 0.5% 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (KeyGen Biotech. Co., Ltd., Nanjing, China) for 4 h and then 150 µl of dimethyl sulphoxide was added to dissolve the formazan crystals for 10 min immediately prior to the assay. Absorbency was measured at a wavelength of 490 nm using a microplate reader (Bio-Rad, Berkeley, CA, USA). The assay was repeated ≥3 times for cell proliferation analysis.
Cells cycle analysis. The SGC7901 cells were cultured in 25 ml culture bottle to a confluence of 80% and then treated with trypsogen (GE Healthcare Life Sciences) to harvest the cells. The cells were then fixed in 75% ethanol overnight at 4˚C and incubated with 50 mg/L RNase A (GE Healthcare Life Sciences) at 37˚C for 30 min. Flow cytometry was performed after the cells were stained with a 50 mg/L propidium iodide solution (BD FACScan; BD Biosciences, San Diego, CA, USA) for 20 min in the dark.
Apoptosis assay. The SGC7901 cells were seeded into a 96-well cell culture cluster plate and incubated for 48 h. The cells were then harvested by trypsinization and washed twice with 4˚C phosphate buffered saline. Cells were then suspended in 1 ml binding buffer (0.01 M HEPES/NaOH, 0.14 M NaCl, 2.5 mM CaCl 2 , pH 7.4) at a concentration of 1-5x10 5 cells/ml. Annexin V-fluorescein isothiocyanate (10 µl) (BD Biosciences) and propidium iodide (5 µl) (BD Biosciences) were added to the cells, followed by incubation with gentle mixing for 15 min at room temperature in the dark. The Annexin V stained cells were analyzed using a BD Model FACScan (BD Biosciences).
Statistical analysis. Data are presented as the mean ± standard deviation. SPSS 13.0 (SPSS, Inc., Chicago, IL, USA) was used for data analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

FRAT1 expression.
The relative expression of FRAT1 mRNA in SGC7901 cells treated with siFRAT1 (group A; 0.41±0.03) was decreased significantly compared with control groups B (1.15±0.16, P<0.05) and C (1.03±0.07, P<0.05) (Fig. 1) . The expression of FRAT1 protein in group A (0.35±0.07) was decreased significantly compared with control groups B (1.10±0.08, P<0.05) and C (1.01±0.04, P<0.05) (Fig. 2) . These results indicate that the silencing of FRAT1 by siRNA targeting FRAT1 in SGC7901 cells was successful.
β-catenin expression. The expression of β-catenin protein in SGC7901 cells treated with siFRAT1 (group A; 0.38±0.08) was decreased significantly compared with the control group B (1.17±0.25, P<0.05) and untreated group C (1.09±0.13, P<0.05) (Fig. 3) . Cells proliferation. The cells proliferation in siFRAT1-treated group A was decreased significantly compared with control groups B and C at 48 h (P<0.05) and 72 h (P<0.05) ( Table I ). Table II . Cell cycle distribution of SGC7901 cells, n=3. These results demonstrate that the silencing of FRAT1 inhibited the proliferation of SGC7901 cells.
Cells cycle. The cell cycle distribution in siFRAT1-treated group A was significantly different to that of the control groups B and C. The G0/G1 stage cells in group A was increased significantly compared with groups B and C (P<0.05). The S and G2/M stage cells in group A was decreased significantly compare with groups B and C (P<0.05) (Table II and Fig. 4 ). These results demonstrate that the silencing of FRAT1 in SGC7901 cells led to increased arrest at the G0/G1 stage.
Cells apoptosis. The fraction of apoptosis in siFRAT1-treated group A (3.87±0.08) was increased significantly compared with control groups B (1.62±0.02, P<0.05) and C (1.22±0.02, P<0.05). These results demonstrate that the silencing of FRAT1 in SGC7901 cells led to an increase in apoptosis.
Discussion
The FRAT1 gene is located on human chromosome 10q24.1 and encodes a protein comprising 279 amino acids that is overexpressed in gastric cancer (9) . FRAT1 can inhibit glycogen synthase kinase-3 mediated phosphorylation of β-catenin and act as a positive regulator of the Wnt/β-catenin pathway (11, 12) . The Wnt/β-catenin signaling cascade modulates the expression of genes that govern cell proliferation, cell survival, migration, neural development and angiogenesis during morphogenesis (13) (14) (15) (16) . It has been previously demonstrated that FRAT1 plays a important role in tumor progression (17, 18) . FRAT1 inhibits the phosphorylation of β-catenin, causing it to accumulate in the nucleus. β-catenin then binds with T cell transcriptional factor/lymphoid enhancer factor to form a complex, which can drive c-myc, Cox-2 and cyclin D1 to alter the cell cycle or express abnormal protein leading to the tumorigenesis (19) . Furthermore, overexpression of FRAT1 in transgenic mice leads to lymphoma progression (20) and knockdown of FRAT1 by RNA interference inhibits glioblastoma cell growth, migration and invasion (21) . Additionally, the overexpression of FRAT1 is associated with a malignant phenotype and poor prognosis in human gliomas (22) . The present study demonstrates that FRAT1 mRNA and protein expression in SGC7901 cells was inhibited by RNA interference. The expression of FRAT1 mRNA and FRAT1 protein were reduced significantly in comparison to untreated cells. The results also demonstrate that the expression of β-catenin protein was significantly decreased. Furthermore, the proliferation of FRAT1 silenced SGC7901 cells decreased significantly and the cell cycle distribution was significantly different from the untreated cells, with more cells arrested at G0/G1 stage. Apoptosis of FRAT1 silenced SGC7901 cells was increased significantly.
In conclusion, the results of the present study indicate that FRAT1 is important for the proliferation of SGC7901 cells and silencing of FRAT1 by siRNA can inhibit the proliferation of the SGC7901 cells. A reduction in the expression of β-catenin may be a potential mechanism for the effects of FRAT1 silencing on cell proliferation, apoptosis and cell cycle distribution. FRAT1 may be a potential prognostic biomarker and therapeutic target for gastric cancer.
